Between 2009 and 2014 we collected 23 ostracod species in the historical town moat of Bremen, Germany. Today, the moat is part of an urban park, separated into six basins by various bridges. Brackish water, pumped from the Weser River into the moat, regulates the water level and is the main factor controlling the various physical and chemical parameters of the basins. Brackish water ostracod species originate from this artificial inflow, but only a minority of these species establishes stable populations. The Bremen moat ostracod assemblages are compared with the moat of Greifswald. The different environmental setting (e.g., water current) and the number of studied localities can explain the differences in the occurrence of ostracods in these two localities. 
INTRODUCTION
In 2009-2010, the population dynamics of three microcrustacean groups (cladocerans, calanoid copepods and ostracods) were studied in the town moat of Bremen (Brandorff et al., 2013) . The authors revisited the type locality of Leptodora kindtii Focke, 1844 and compared the results with the historical cladoceran findings of Poppe (1889) . In total 45 species were detected, including L. kindtii. The cladoceran species assemblages were characterized by increased salinity and vegetation. The diversity of calanoid copepods was relatively high compared with other lakes in Northern Europe. Eudiaptomus gracilis (G. O. Sars, 1862) , Skistodiaptomus pallidus (Herrick, 1879) and Eurytemora velox (Lilljeborg, 1853) occurred constantly, whereas Eurytemora affinis (Poppe, 1880) and Eudiaptomus graciloides (Lilljeborg, 1888) were only detected sporadically.
The town moat of Bremen is located in a residence area of the city and delimited by municipal infrastructure. In urban environments, ecosystems exist in artificial settings and are often continuously managed or altered due to constructions. In addition, human activity is a constant factor that biases the resilience of the ecosystems (e.g., recreation, pollution, eutrophication, management). The Bremen town moat has undergone many uses and forms since its creation in the Middle Ages, but continued to exist through time and enabled a long-term succession of the faunal elements and development of stable populations of aquatic flora and fauna.
STUDY SITE AND METHODS

Study site
At the end of the Middle Ages, the town of Bremen was one of the best protected cities in Europe, fortified by a wall, bastions and a town moat ( fig. 1 ). With the invention of far-reaching cannons, these defensive measures ceased to be effective. Thus, in 1802, the administration of Bremen decided to level the wall and the bastions and create a public park. The original outline of the town moat was altered and shortened to approx. 2.8 km length and about 50 m width at its widest part. Later, the construction of bridges intersected the moat into six basins that are only connected by small passages. Water is pumped from the Weser River into the moat (near Station 6 in fig. 2) , controlling the water level in the moat. The water of the Weser River has a high nutrient load and an increased conductivity ranging from 1100 to 1400 μS cm −1 , making it a eutrophic and brackish (oligohaline) habitat. From sample sites 6 to 1, the conductivity decreases (figs. 2 and 3). In 2009 and 2010, additional groundwater with higher conductivity of about 1600 μS cm −1 Fig. 1 . City map of Bremen in the year 1739 (left) and of Greifswald in the year 1652. The arrow indicates the location of the sample from the town moat of Greifswald. Modified from Brandorff et al. (2013) and Frenzel et al. (2004) .
was discharged into the basin near station 6 from a construction site (Brandorff et al., 2013) . The town moat is relatively shallow, with a maximum depth of approximately 3 m. The water is eutrophic and the flora is dominated by submerged macrophytes (Kuhbier & Kesel, 2013) . Various tree species occur along the embankment.
Methods
Five ostracod samples were collected at each sampling site (2009: 8 October; 2010: 18 April, 17 June, 6 July and 6 September), using a hand-net (200 μm mesh size) ( fig. 2 ). Two additional samples were taken on 5 February 2014 at site 6 and on 30 December 2011 between sites 4 and 5 for other studies (Scharf et al., 2014) . The collected samples were immediately sieved with a 5-mm-mesh net in order to eliminate coarse sediment. Subsequently, the residual fine sediment was transferred to a plastic basket (6 × 12 cm) within a larger container filled with water following the description of Scharf et al. (2014) . Overnight, most of the ostracods migrated from the plastic basket into the container, where they could easily be captured in clear water. Living ostracods were put in boiling water for 10 s so they would die with a slightly open carapace. For permanent slides, the soft parts were embedded in Hydromatrix ® (Micro-Tech-Lab, Graz, Austria). The remaining animals were stored in 96% ethanol in the collection of B.S.
Statistics and indices
The frequency (F , in %) of a species between all sites is calculated as
where a i is the number of samples sites containing a specific species i and A a is the number of all sample sites. The frequency is then classified using the following intervals: 71% = very constant; 70-46% = constant; 45-26% = inconstant; 25-10% = sporadic; 10% = random.
The dominance (D, in %) of a species in one sample is calculated as:
where n i is the number of individuals of species i and N a the number of the individuals of all species in the sample. The classification follows Engelmann (1978) and Mühlenberg (1989) : 100-32% = eudominant; 31.9-10% = dominant; 9.9-3.2% = subdominant; 3.1-1.0% = recent; <0.99% = subrecent. The relation of the environmental parameters (water temperature and conductivity) to the abundance of the dominant species was investigated by performing a redundancy analysis (RDA) using the software Canoco 4.5 (ter Braak & Smilauer, 2002) . Thus, ecological preferences are shown two-dimensionally.
RESULTS
Between 2009 and 2014, a total of 22 539 adult ostracods individuals comprising 23 species were counted from samples of the town moat of Bremen (table I) . Cypridopsis vidua (O. F. Müller, 1776) and Cypria ophtalmica (Jurine, 1820) were the only eudominant species in this study (table I) . Both species occurred consistently (table II) . Other dominant species included Cyclocypris ovum (Jurine, 1820) and Pseudocandona compressa (Koch, 1838). The following taxa were subdominant in one or more sample sites: Candona neglecta Sars, 1887, Cyclocypris ovum, Cypria ophtalmica Redeke, 1936 , Cypridopsis vidua, Fabaeformiscandona protzi (Hartwig, 1898 , Ilyocypris bradyi Sars, 1890, Ilyocypris decipiens Masi, 1905 , Limnocythere inopinata (Baird, 1843 and Plesiocypridopsis newtoni (Brady & Robertson, 1870) . All other species were recent or subrecent in their dominance.
A similar species assemblage was observed on December 30, 2011, when an additional sample was taken under the bridge between sample sites 4 and 5. The sediment top at the site consisted mainly of maple and oak leaves and gravel. The following ostracod species were collected (dominance given in parentheses): Cypridopsis vidua (52%), Fabaeformiscandona protzi (15%), Cypria ophtalmica (13%), Candona candida (10%), C. neglecta (8%). Cyclocypris ovum, Plesiocypridopsis newtoni, Pseudocanona compressa, Herpetocypris reptans (Baird, 1835), Darwinula stevensoni (Brady & Robertson, 1870) and Limnocythere inopinata were recent.
On 5 February 2014 a further sample was taken at sample site 6 because the artificial inlet of groundwater with the high conductivity stopped and the water became clear. In addition, since 2013, the artificial input of water from the Weser River into the town moat has increased. During sampling, a thin layer of ice covered the water surface and the conductivity was 1453 μS cm −1 . Two additional species were found in the town moat for the first time, Cyprideis torosa (Jones, 1850) and Herpetocypris chevreuxi (Sars, 1896) (table I) . Cypria subsalsa Redeke, 1936 was more abundant than in 2009/2010 and many larvae of Cytheromorpha fuscata (Brady, 1869) were found.
The frequency of the occurrence of ostracods is shown in table II. Only Cypridopsis vidua, Cypria ophtalmica and Cyclocypris ovum occur consistently, while most species occur sporadically.
The species relationship to environmental parameters, i.e., water temperature and conductivity indicate a distinct pattern (fig. 4) . Based on these results we note a higher abundance of Cytheromorpha fuscata in sites with increased salinity. Physocypria kraepelini G. W. Müller, 1903 is found in samples with increased water temperature, while adults of Candona candida and C. neglecta are found in cold water mainly in the winter.
In addition, a tapeworm cysticercus was identified in one female of Candona candida at the sampling site 5. The detection of a tapeworm cysticercus has to be discussed in a separate paper to take justice of this finding.
DISCUSSION
Occurrence of ostracods in the town moat of Bremen Prior to 2009, the only known publication about ostracods in the Bremen town moat was by Poppe (1889), who identified only one ostracod species, Pseudocandona compressa ('Cypris compressa') that still existed in the water in 2009/2014. It is thought that it is most likely that more species were present in former times.
Ostracods characteristic of the Weser River, including Cypria subsalsa, Cytheromorpha fuscata, Herpetocypris chevreuxi and Prionocypris zenkeri (Chryzer & Toth, 1857) , are likely to be introduced in the town moat. C. subsalsa and C. fuscata are known from brackish water species that are widely distributed in Belgium, in the Netherlands, in the Baltic Sea, and also in the Odra lagoon (Klie, 1938; Frenzel et al., 2010; Bąk & Szlauer-Łukaszewska, 2012) . Finding both species in the region of the Weser estuary closes a gap in the disjunctive geographical range between the Netherlands and the Baltic. Other species of the Weser marsh like Cyprideis torosa, Herpetocypris chevreuxi, Ilyocypris decipiens, Stenocypria fischeri (Lilljeborg, 1883) or Leptocythere ilyophila (Hirschmann, 1909) were not found during the survey in 2009 and 2010 in the town moat of Bremen (Scharf, unpublished) . Later, at sampling site 6 in 2014, one male individual of Cyprideis torosa and one female individual of Herpetocypris chevreuxi were detected. In addition, several individuals, adults and larvae, of Cytheromorpha fuscata found in the latest sample imply that the population might be stable. The change of the ecosystem with the increased input of water from the Weser River is probably responsible for the differences of the results in 2014 in comparison with 2009/2010 (table I).
The occurrence of Prionocypris zenkeri is noteworthy in that it prefers slow flowing waters and is likely to originate from the Weser River as well. The species' lack of constant presence in the town moat suggests that this species is not able to sustain a stable population in the sampled habitat. Another notable occurrence in this study is Isocypris beauchampi (Paris, 1920) . It was unknown to exist in Germany before 1951 (Herbst, 1951) , but since then, this large conspicuous species has become widely distributed throughout Germany (Meisch, 2000) . It is found also in the town moat of Bremen. In 2009 and 2010, the moat was colonized by many submersed macrophytes, in particular Myriophyllum and Ceratophyllum species (Kuhbier & Kesel, 2013) . Cypridopsis vidua thrives among such macrophytes, and was the dominant species in 2009 . Notodromas monacha (O. F. Müller, 1776 lives in very calm water, often between macrophytes. The calmest water within the town moat was that at sampling sites 1 and 2, and it was here that this species occurred, though in small numbers.
The seasonality of the collected species corresponds to the phenology described in Meisch (2000) . Cytheromorpha fuscata is not mentioned by Meisch (2000) , unfortunately our observations allow no remarks on the seasonality; still, in 2014 there is a hint for a stable population of C. fuscata in the town moat of Bremen. With respect to species diversity, that in the town moat of Bremen is similar to the littoral margin of a lake, where the largest number of species are usually discovered, in contrast to the profundal zone, e.g., in the Laacher See (with 4 profundal species of altogether 13; Kempf & Scharf, 1980) , the Arendsee (9-18; Scharf, 1998), or Lake Biwa (12-40; Smith et al., 2011) . Finally, we identified 23 ostracod species in our study area similar to the species number of many lakes in temperate regions.
Comparison of the ostracod colonization of the town moats of Bremen and Greifswald
The city of Greifswald also had -as was typical in the Middle Ages -a town moat, bastions and a wall for protecting the city ( fig. 1) (table III) . Only F. hyalina was not found in the town moat of Bremen. Species typical for brackish water, such as Cyprideis torosa, Cypria subsalsa or Cytheromorpha fuscata, were not found, but all detected species were saline tolerant. It is surprising that Cypria ophtalmica and Cypridopsis vidua were not found at Greifswald compared with their dominance at Bremen. One difference between the moats is that the water in the Bremen moat is stagnant, while water in the Greifswald moat flows slowly. It is the difference in current velocity that is most likely the cause for the lack of C. ophtalmica and C. vidua because both taxa are swimming species and prefer stagnant waters. The ratio of crawling (i.e., without long natatory setae on antenna) to swimming (with long natatory setae) ostracod species in the Bremen moat is 9:12, and that of Greifswald 5:2, i.e., the crawling forms dominate in the town moat of Greifswald and may indicate a higher current velocity. However, many of the differences between the town moats of Bremen and Greifswald are difficult to compare, because of the different numbers of samples and diversity of sites.
